The relation between the superconducting critical temperature and the anisotropic elastic Cu-O strain is studied in YBa 2 Cu 3 O 6+k (Y123). The in-plane anisotropic strain has been determined in oxygen ordered YBa 2 Cu 3 O 6+k phases. Here we show that the critical temperature scales both with the strain along the a axis, ε a , and along the b axis, ε b . In the undoped phase the system is close to the critical strain, ε c~0 .043, and formation of the chains with doping gives rise to a decrease of the strain ε b away from the critical point towards the dynamical quantum stripe fluctuations (ε b <ε c ) while the strain ε a increases towards the phase of superconducting stripes (ε a >ε c ).
Introduction
The cuprate perovskites are heterogeneous materials [BO](AO)CuO 2 , made of three different blocks layers: the metallic bcc CuO 2 layers, the insulating rock-salt fcc AO layers (A=Ba,Sr,La,Nd,Ca,Y etc.) and the charge reservoir (CR) BO layers 1, 2 . The metallic phase in the CuO 2 plane could be obtained by introducing the chemical dopants in the BO block layers controlling the doping δ in the CuO 2 plane. There are clean systems in which the dopants are introduced in the charge reservoir BO layers, far from the metallic CuO 2 plane. On the other hand in the dirty systems, the dopants enter in the rock-salt AO layers forming impurity centers, giving a disordered metallic phase in the Recently it has been shown [12] [13] [14] [15] [16] that the phase diagram of cuprate perovskites can be solved by introducing a new axis: the elastic strain on the CuO 2 plane. In fact the microstrain of the Cu-O bonds is the second variable needed to define the metallic phase of doped cuprates where the critical temperature, i.e. T c (δ,ε). The high T c superconductivity appears in the regime of fluctuations near a quantum critical point QCP P(δ c ,ε c ).
Here we show that the formation of CuO chains in the Y123 induces anisotropic strain in the CuO 2 plane due to the misfit between the rocksalt layers and the CuO 2 metallic layers. The average strain of the CuO 2 plane is defined as (<Cu-O> -r 0 )/r 0 where the unrelaxed Cu-O bond length, r 0 =1.97 Å, is the equilibrium Cu-O distance at doping δ=0. 16 . In different cuprate perovskites the maximum critical temperature occurs at the critical strain, ε c =0.04 and critical doping δ c =0.16 where T c reaches 150 K [12] [13] [14] [15] [16] . In this paper we report the location of the metallic phase of Y123 in the universal phase diagram T c (δ,ε) [12] [13] [14] [15] [16] . We show that the anisotropic strain, developing at the insulator to metal transition, drives the system away from the critical strain, towards quantum fluctuations in the chain direction (ε b <ε c ), reaching the T c =90 K regime of fluctuating stripe order as in the Hg1201 and on the other side of superconducting stripes -"superstripes", as in the T c =90 K phase of Bi2212.
Experimental
Bulk polycrystalline samples were prepared by a novel topotactic-like technique 17 in a reproducible way starting with fully oxygenated (OI) samples. From iodometric and weight-loss analysis the quoted oxygen content was estimated to be accurate within 0.02 oxygen per formula unit. The details on starting materials and processing could be found elsewhere 17 . The samples under investigation were prepared by thermal equilibration of OI/T samples at T e =450˚C for 30 days, slow cooling at 0.2 ˚C/min to T s =75-150˚C, followed by order stabilization at this temperature for 3 days and then final cooling (0.2 C/min) to room temperature. The composition range 0.25≤k≤0.96 was explored with ∆k=0.03-0.04. The sample pairs were characterized by resistivity ρ(T) and x-ray diffraction (XRD) measurements.
Results and discussion
Since the sample preparation technique results in the production of pair samples with the same oxygen content, the intercalated [I] and the disintercalated [D] . One of the main peculiarities of these pairs is the different kinetic nature of the deintercalation and intercalation processes resulting in similar or different local oxygen ordering depending on the composition. In addition, the technique allows to obtain highly ordered samples, manifesting superconductivity even down to oxygen as low as k=0. There is an interesting correlation between the strain along the two axes and T c showing. The T c increases with decreasing the ε b and increasing the ε a . This indicates coupling of charge with the lattice fluctuations, giving high T c , that goes-up linearly with the elongation of the Cu-O bonds along the b direction. Fig. 2 shows position of the metallic phases of doped Y123 in the strain, doping plane. The curves ε a (δ) and ε b (δ) are plotted. In the (δ,ε) plane we have drawn dashed lines corresponding to different families of the doped cuprate perovskites for comparison. The universal curve T c (δ,ε) could be found elsewhere [12] [13] [14] [15] [16] . At the critical point for stripe formation (δ=0.16 and ε=0.045), the T c reaches at a maximum (~150 K). The present result shows that the undoped Y123 appear with strain (in the CuO 2 plane due to (Ba 2 O 2 Y) rocksalt layer) to be ~0.041, that is close to the ε c for the high T c superconductivity [12] [13] [14] [15] [16] . The oxygen ordering on the basal plane gives an anisotropic strain along the a-axis and b-axis. The strain ε a in the direction orthogonal to the chains increases above the critical strain, reaching a value of 0.058 at the optimum hole doping (ε a -ε c ~0.015). Therefore the dynamical stripe fluctuations are frozen in the a-axis direction. On the other hand the strain in the chain direction, ε b decreases down to ε a =0.028, i.e. at a symmetric value with respect to the critical strain ε c (ε c -ε b ~0.015). The decrease of the strain field drives the Cu-O bonds toward the regime of dynamical lattice fluctuations at values of the strain lower than the critical value. The T c predicted by the (δ,ε) phase diagram is again 90 K in this regime, similar to the case of Hg1201 compound. In summary, present study shows that the physics of Y123 is driven by the proximity to the strain quantum critical [12] [13] [14] [15] [16] point for the formation of superconducting stripes [21] [22] [23] [24] . 
